INTRODUCTION
Recent attempts to reconstruct paleoenvironments using carbonate skeletons, such as corals or molluscs, have focused on high resolution and high precision. (e.g., [Gagan et al., 1994; Alibert and McCulloch, 1997] ). Carbonate precipitation in each kind of organism has its own advantage and disadvantage for high resolution studies of paleoenvironments. For example, corals have yearly bands and record the environmental changes for up to several hundreds years. However, it is difficult to obtain samples without contamination, because of the porous shell structure of coral. On the other hand, most molluscan shells have demurely compacted and fine-layered shell structure, which enable us to take successive samples for high resolution analysis, but their life spans are generally short, e.g., up to several years. However, the giant mollusca, Tridacnids, have hard aragonite shells which sometimes grow over 1 m in length, and have life spans of several decades to a few centuries. Furthermore, as Tridacna shells have daily growth lines in the inner layer [Aharon and Chappell, 1986; Hirunuma and Nakamori, 1995] , this allows investigation of daily paleoenvironmental change when an appropriate sampling technique is developed. Thus Tridacna shells provide an ideal material for high resolution paleotemperature reconstruction on decadal to century time scales.
Several paleoenvironmental studies have used the oxygen isotopic composition (δ 18 O) of Tridacna shells. Aharon et al. [1980] and Aharon [1983] showed that the δ 18 O of their Tridacna shells (Tridacna gigas LINNE, 1758) indicate temperaturecontrolled isotopic equilibrium with surrounding sea water. The relationship between temperature and the isotopic ratios of giant-clam aragonite and water was described by a linear equation [Aharon , 1983] as follows : [Craig, 1965] . et al. (1986) revealed the existence of two growth phases related to sexual maturity of Tridacna maxima RÖDING, 1798. The changeover from the first to the second growth phase at an age of approximately 10 years was accompanied by a decrease in the rate of calcification under isotopic disequilibrium. They suggested, with the onset of sexual maturity, a reordering of energy priorities between biomineralization and reproduction causing isotopic disequilibrium in the δ 18 O value of the shell during summer. The annual cycles of the δ 18 O decrease in amplitude because of slower growth rate. Romanek and Grossman (1989) showed only juvenile portions of the T. maxima accurately record seasonal water temperature fluctuations. et al. (1991) showed that the inner shell layer which deposited below the pallial line revealed undisturbed shell accretion with high growth rates. They also mentioned that the inner layer is especially suitable for high resolution analysis, because it is here that daily growth lines are observed under scanning electron microscopy (SEM) and the oxygen isotope signal is more sensitive than in outer layer. The inner shell of T.
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Gigas displays the maximum seasonal oxygen isotopic range and the highest resolution in light attenuation changes (light attenuation meaning the light transmission properties of the shell, such that light transmission is greater when light attenuation is reduced). and Oba, 1995] . These daily lines were counted by observing the cut surface of the shell using an optical microscope at 100x magnification (Figure 1, D) . Then we can determine the date of each sample both by measuring the distance from the inner surface and by counting the daily lines from the inner surface. In this way, the exact date of the formation of each sample was determined and its oxygen isotopic value was compared to meteorological data (Japan Sea Association and Japan Meteorological The standard deviation of the residuals of the regression is ± 1.4 °C (Figure 3 , B). Although the data show some scatter (Figure 3 ), the slope of the regression line is only slightly different from that of derived from Aharon's (1983) Tridacna shell and other aragonitic molluscs [Grossman and Ku, 1986] and is parallel to the slope of inorganic calcite [O'Neil et al., 1969] and close to the inorganic aragonite point at 25°C [Tarutani et al., 1969] . These results suggest that the H. hippopus precipitated its inner shell under isotopic equilibrium with the surrounding sea water, confirming the conclusion of earlier studies [Aharon, 1983; Aharon and Chappell, 1986; Jones et al, 1986; Romanek et al., 1987; Romanek and Grossman, 1989; Pätzold et al., 1991; Aharon, 1991; Watanabe and Oba, 1995] .
DISCUSSION
The results presented in Figure 3 were obtained by comparing the isotopic values of On the other hand, the salinity effect does not seem to affect on the δ 18 O of the shell.
For example, no δ 18 O depletions correspond to the salinity drop in early November 1992 ( Figure 2 ) nor just after several heavy precipitation events (Figure 4 , E). This is probably due to active circulation of offshore water, which enters over the Kabira coral reef crest and exits through the channel, removing the fresh water, rather than relatively stagnant waters at Urazoko bay and Ishigaki port.
Jones et al. [1986] , Romanek et al. [1987] , and Aharon [1991] claimed that an alternative factor affected Tridacna's δ 18 O composition. In adult shells it changes with the onset of sexual maturity showing isotopic disequilibirum in summer with the start of gametogenesis. The age of sexual maturity of H. hippopus is not known, but similar sized T. maxima, reach the onset of sexual maturity at 14 -15 years [McMichael, 1974 , Romanek et al., 1987 . In contrast our specimen is only 3 years old [Watanabe and Oba, 1995] . According to Romanek et al. [1987] the growth rate during summer becomes slower after onset of sexual maturity. However, our shell recorded high growth rates (60±10 µm/day) in summer near the inner surface of the shell [Hirunuma and Nakamori, 1995] (Figure 4, G) . Therefore, the H. hippopus in this study was likely in the juvenile stage. Althoght there are the extreme δ 18 O values during summer (Figure 4 A and B), the possibility of physiological effects on the shell δ 18 O in the juvenile stag can not neglect in this study because of the lack of physiological data. hippopus . Also shown is published data; inorganic calcite [O'Neil et al. 1969] , bi-ogenitic aragonite Tridacna and molluscs [Aharon, 1983; Grossman and Ku, 1986] , inorganic aragonite [Tarutani et al., 1969] .
B: Residual SST is calculated by subtracting estimated SST from measured SST.
Dashed lines denote the standard deviation of the residuals. The southeast side of Kabira reef is connected by the na and deep Kabira channel to the Open ocean. The H. hipp specimen (Figure 1b ) was collected at 1.5 m water depth in inner reef flat 500 m away from the shore. The height o shell is 17 cm, and the length is 31 cm. The age of this speci was 3 years according to the rough (1 mm interval) ox isotope measurements of the inner shell Watanabe and deviation for fifteen duplicate measurements of a powd carbonate samples were 0.08‰. y using a microtome, the distance of each sample from the r surface can be measured. In the inner layer of this H. opus shell, there were about 360 daily growth lines in a , as inferred from the ␦
18
O curve measured at 1 mm vals [Watanabe and Oba, 1995] . These daily lines were ted by observing the cut surface of the shell using an cal microscope at 100x magnification (Figure 1d ). Then we determine the date of each sample both by measuring the nce from the inner surface and by counting the daily lines the inner surface. In this way the exact date of the forgive a similar curve to the corresponding sea surface tem ature (SST) at Urazoka Bay and Ishigaki Port (Figure 2) . correlation coefficient between the ␦
O values of the shel SST at Urazoko Bay and Ishigaki Port are 0.88 and respectively. A total amplitude of 2.75‰ is observed betw the minimum of Ϫ2.37‰ in the summer season and the imum of 0.38‰ in the winter season. If the inner shell formed under isotopic equilibrium with the surrounding water, the ␦
O curve includes both seasonal changes o oxygen isotope of the sea water and the water tempera Since the oxygen isotope of the sea water has the follo linear relationship with salinity of the surface waters from Also shown is published data for inorganic calcite [O'Neil et al., 1969] , biogenetic aragonite Tridacna and molluscs [Aharon, 1983; Grossman and Ku, 1986] , and inorganic aragonite [Tarutani et al., 1969] . (b) Residual SST is calculated by subtracting estimated SST from measured SST. Dashed lines denote the standard deviation of the residuals.
pecific relationship was not detected between the growth ariation and the detrended ␦
O record (Figures 4a and  ϭ 0.19 ) and the residuals from the regression (Figures  d 4f) (r ϭ 0.18 ).
1. The date of all analyzed samples were determined shaving the shell section with a microtome at constant (50 corresponding 1 or 2 days) intervals from the inner surfac the shell and by counting the daily growth lines of the she 
